Introduction
Passive interferences in the form of undesired reflections from fixed or slowly moving objects -local obstacles, land and sea surfaces, hydrometeors (clouds, rain, hail, snow) (so-called clutter), and metallic reflectors dropped for target masking (so-called chaff) -essentially destroy the normal operation of different radar systems (RSs) [1] [2] [3] [4] . The clutter intensity may significantly exceed the level of the proper receiver noise, which leads to receiver overloading ("radar blinding") and, as a consequence, to loss of the useful signal. Nevertheless, even for the absence of overloads, the useful signal may be lost or not detected at all on the background of the intensive clutter.
Protection methods against clutter depend on the RS type and on the probing signal used. This problem is most effectively solved in so-called pulse-Doppler RSs with small all-duty factors of the transmitted signal [1, 2] . Processing of the received data is provided in the multichannel system in range and Doppler frequency. Due to differences of the Doppler frequency of the interference and the useful signal, the observation of the useful signal is carried out in the Doppler filters, which are free from interference. This provides the best selection of moving targets on the clutter background. Unambiguous measurement of the radial target velocity is achieved with high resolution and accuracy. Nevertheless, the range measurement is connected with an ambiguity, which may be eliminated by special methods that complicate the signal processing [1] .
The unambiguous range measurement of a large number of targets by simple means and with high resolution is achieved in coherent-pulse RSs with probing pulses of large duty-off factors, which ensures the wide application of such RSs in practice [3] . The low pulse repetition frequency chosen from the condition of unambiguous range measurement leads to close location of the comb spectral components, which complicates the signal selection on the clutter background, which exceeds the power of the useful radar signal. In this case, the main operation of received data processing is rejection of interference spectral components, and the rejection filter (REF) is the main unit of the appropriate processing system [1, 3] .
Utilization of digital signal processing techniques allowed implementation of underoptimal processors on the base of digital filters for interference suppression and also led to REF structures with adaptation to the Doppler phase of the clutter [5] [6] [7] [8] [9] . Development of digital methods and devices for digital signal processing proceeded with discussions in the modern scientific and technological literature [10] [11] [12] [13] [14] [15] [16] .
Among nonrecursive and recursive REFs, the recursive REFs have known advantages in the steady-state mode, which opens the wide possibilities of required features formation and its flexible control [1, 3] . However, the prolonged transient caused by recursive couplings precedes the steady-state mode. Noncompensated interference residues at the RF output in the transient mode create a powerful background, masking the useful signal and leading to false alarms.
At discrete scanning of an antenna beam in radar systems with phased antenna arrays and also at linear scanning, in the case of signal detection on the discrete interference background and on the background of the forward edge of the lengthy interference, the duration of the radar signal samples processed, as a rule, is commensurable to the time of the transient being established in the recursive filters, and the transient is the main operation mode of recursive REFs.
The problem formulation
In this connection, the actual problem is modernization of the REF structure with the aim to accelerate its transient and increase the clutter rejection effectiveness in the transient mode as well as the required analysis of recursive REF characteristics in the transient mode. 
The synthesis of the modernized REF
where A is a square matrix defining the connection between states at the k th and (k + 1) th steps, and B is a vector-column describing the dependence between the state and the input impact u(k).
The following state vector at the k th step is the solution of the difference equation in Eq. (1):
which depends on parameters of the REF and the initial state vector X(0) and permits determination of the REF output quantity from the matrix equation of the type "input -state -output":
where C is a vector-line describing the connection between the REF state and the output quantity, and d is a scalar characterizing the connection between input and output.
The synthesis of the REF modernized structure with the aid of transient acceleration supposes the formation of the initial state vector X(0). The criterion of transient acceleration is based on the assumption that the REF output quantity is constant and hence the constancy of the state beginning with the clutter arrival:
To satisfy the criterion of Eq. (4) 4), is determined by the following equation:
The solution of Eq. (5), as it follows from Eq. (2), is the initial state vector
where I is a unitary matrix.
The form of the X(0) vector, in accordance with Eq. Taking into consideration the fluctuating character of the sample, we can achieve more effective transient acceleration if we use the initial state that is proportional not only to the quantity of the single first sample but to the combination of the first samples of u(k), k = 0, m − 1 . For this, in a manner similar to Eq. (2), we use the expression of the state vector to the moment of the mth sample arrival:
Processing of m samples by REF direct connections only without taking into account RF feedback circuits will correspond to the criterion of Eq. (4), which assumes that X(m) = X(0). Under such a condition, the following relation resulting from Eq. (7) is true:
Application in Eq. (3) of vector X(m) as the initial state vector leads to a modified equation for the output quantity:
Thus, formation of the initial state, according to Eq. 
Formation of the X(3) vector results in processing of the first input samples in the REF's nonrecursive part. The filter output is switched on the fourth sample step only. Simultaneously, the feedbacks are switched, which corresponds to REF structure reconfiguration.
After substitution of the X(3) vector into Eq. (9) for k = 3 , we obtain for the output quantity the following:
As we see, the steady-state quantities of decorrelated rejection residues from the nonrecursive REF part pass to the REF output and to the feedback circuits, which practically eliminates "rings" in feedback circuits, which is caused by the mean value and fluctuations of the clutter samples, and essentially accelerates the transients at REF output.
The structural diagram of the modernized REF
As an initial structure, we use the fixed structure of the recursive REF shown in Figure 1 . We should note that the REF structure reconfiguration can be most easily arranged at the known start of the sequence process, which occurs at discrete scanning of an antenna beam.
In the linear (continuous) observation mode, modernization of the REF structure with the goal of acceleration of its transient has its own peculiarities, caused by modulation of clutter pulses at its edges by the antenna pattern. First the detection of the clutter forward edge occurs over all modulated edge pulses at the pulse arrival moment, which corresponds to the flat portion of the clutter envelope. Then the delayed clutter edge samples are weighted with a goal of recovering its envelope squareness, which allows effective extraction of Doppler signals without waiting for the pulse arrival of the envelope flat portion at processing, similar to Figure 2 . At arrival and detection of the rear clutter edge, also by means of sample weighting, the recovering of the squareness of its envelope occurs.
Practical implementation of the REF considered can be done with modern hardware and software by means of digital signal processing.
An analysis of REF effectiveness in the transient mode
A system function in the z -plane of the recursive REF in the form of the cascade connection of the nonrecursive 1st-order unit and the recursive 2nd-order unit has the following form [5] :
where z = e iωT ; g k are coefficients of the pulse response corresponding to the REF of fixed structure and determined for k ≤ 3 from the following relations:
and for k > 3
where
The following system function corresponds to the REF's nonrecursive part:
and coefficients of the pulse response are
and the REF recursive part the system function is
and for k ≥ 2
Let us consider the effectiveness of clutter rejection in the transient mode by the recursive REF of the fixed and reconfigurable structure. We assume that digital samples U j = x j + iy j of the complex envelope of the Gaussian narrowband interference are described by the following correlation moments at the noncompensated Doppler velocity:
n are dispersions of the clutter and the receiver proper noise, respectively; ρ jk are coefficients of the clutter interperiod correlation; and δ jk is the Kronecker symbol. Now we have at the RF output of the fixed structure implemented in two quadrature channels in the transient mode:
The clutter dispersion at the RF output is defined as follows:
We shall evaluate REF effectiveness according to the normalized coefficient of clutter suppression with regard to the passage of the noncorrelated proper noise [18] :
where 
cl is the noise/interference ratio.
Taking into account the problem of transient acceleration, recursive REFs allow wide utilization of required characteristic formation and its flexible control, which creates favorable conditions for appropriate RF adaptation under a priori ambiguity of the spectral-correlation clutter characteristics.
Conclusions
The 
